A new approach is explored to predict the fatigue life of 2024-T42 aluminum subjected to variable amplitude loading. The predicted fatigue lives are compared with the experimental data and those predicted by Miner's rule, which show that the fatigue lives predicted by the proposed approach agree well with the experimental results and most of the errors are within a factor of 2. The proposed approach gives better prediction than the Miner's rule owing to the fact that it can take into account the loading history. Furthermore, the theoretical results tend to be non-conservative for the decreasing loading and the predicted results underestimate the experimental lives for the increasing loading.
Introduction
The aluminum alloy 2024-T42 is widely used in aerospace structure subjected to variable amplitude loading. So how to predict the fatigue life for aluminum alloy 2024-T42 under variable loading can be critical to ensure the safety and reliability of aerospace structure. The Miner's rule is the classical method to assess fatigue life of metal material sunder variable loading, which can be expressed as [1] 
where i n and Ri N is the consumed number of cycles and the number of cycles to failure in accordance with a stress amplitude i   respectively. D is the damage variable and increasing with the fatigue damage accumulation until the fracture happens, then D=1.
However, the Miner's rule will be detrimental to predict the fatigue life of material for its assessment error due to the lack of loading history. That is, the fatigue lives predicted by Miner rule are lower than experimental values the for increasing loading and are higher than the experimental results for decreasing loading under the same loading level [2] . Therefore, many methods [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] has been conducted to predict fatigue life under variable loading condition based on nonlinear damage cumulative model. Especially, the literatures [13] [14] [15] [16] explore methods to predict the fatigue life of aluminum alloy 2024-T42 subjected to variable amplitude loading. Pavlou DG [13] discuss a phenomenological approach to estimating the fatigue life of 2024-T42 aluminum alloy in view of hardness change. Mesmacque G and A. Aid [14] [15] propose a method to predict the fatigue life of 2024-T42 aluminum alloy based on Damage Stress Model. A. Djeblin [16] use a non-linear energy model to calculate the fatigue life of 2024-T42 aluminum alloy. The comparison between the predicted fatigue lives and the experimental results show that the proposed models present a good assessment of fatigue life for 2024-T42 aluminum alloy under variable amplitude loading condition.
The aim of this paper is to study an approach to predict the fatigue life for structure components made of 2024-T42 aluminum alloy subjected to variable amplitude loading.
Description of New Approach
The approach is presented on the basis of the non-linear energy model [16] . The hypothesis employed in this approach is that when the physical state of damage is unchanged, then the fatigue life will depend only on loading conditions [14] . Under high-cycle fatigue, the relationship between the energy and fatigue life can be written as follows [16] :
A new damage parameter i D is defined as the ratio of the difference between energy due to the applied stress and the fatigue limit stress over the difference between energy due to the damage stress and the fatigue limit stress, which can be expressed as:
where i W is the energy due to the applied stress,
, is the energy due to the damage stress and 1  W is the energy due to the fatigue limit stress. The damage stress is regarded as an admissible stress which corresponds to i n cycles of loading applied at level ion the Wöhler curve. The damage indicator i D is equal to one at rupture. Damage will be translated to level i+1 by the following relationship: This damage accumulation procedure will be continued until the damage variable D=1, then the damage stress is the same as the applied stress. In this way the loading history can be taken into account and the more accurate results are expected to be achieved. 
Life prediction by the Proposed Approach
The material studied in this paper is the Aluminum alloy 2024-T42. The parameters used in the modified Wöhler curve are k=187 and c=-0.546. Lifetime for  =150MPa is N=430,000 cycles, W=0.1563 MJm -3 and for  =200MPa is N=150,000 cycles, W=0.2778MJm -3 . W-1 is the energy due to the fatigue life of 2×10 6 cycles, and W-1=0.06783MJm -3 .The loading conditions are illustrated in Fig.1 , in which β1 is the fraction of life at level 1, β2 is the fraction of life at level 2 until fracture.
The results predicted by the proposed approach are compared with the test data, which are listed in Tables 1 and 2 . The comparison of experimental results, fatigue lives predicted by Miner's rule and the proposed approach is illustrated in Figures 2 and 3 , in which the consumed cycles at stress level 1 is the ordinate and the ratio between the predicted lives and the experimental lives is the abscissa. It can be demonstrated that the predictions by the proposed approach in this paper are in encouraged agreement with the test results and most of the errors for the predicted lives are within a factor of 2. Besides, it seems that the theoretical results tend to be non-conservative for the decreasing loading and conservative for the increasing loading. Furthermore, the fatigue lives predicted by the proposed approach have smaller error than those by Miner's rule, which will be attributed to the fact that the proposed approach can take into account the loading history.
Conclusions
In this paper the fatigue lives of 2024-T42 aluminum are predicted based on a new approach under variable amplitude loading, by which the loading history can be taken into account. The predicted lives are compared with the experimental and Miner's results. It shows that the predictions by the proposed approach are in good agreement with the test data and most of the errors are within a factor of 2.Furthermore, the deviation of fatigue lives predicted by the proposed approach is lower than those predicted by Miner's rule. In addition, it will be verified if the proposed approach can be extended to other materials and loading conditions in the further study.
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